BACKGROUND: Increased blood pressure (BP) in type 2 diabetes (T2DM) markedly increases cardiovascular disease morbidity and mortality risk compared to having increased BP alone. OBJECTIVE: To investigate whether exercise reduces suboptimal levels of untreated suboptimal BP or treated hypertension. DESIGN: Prospective, randomized controlled trial for 6 months. SETTING: Single center in Baltimore, MD, USA. PATIENTS: 140 participants with T2DM not requiring insulin and untreated SBP of 120-159 or DBP of 85-99 mmHg, or, if being treated for hypertension, any SBP <159 mmHg or DBP<99 mmHg; 114 completed the study. INTERVENTION: Supervised exercise, 3 times per week for 6 months compared with general advice about physical activity. MEASUREMENTS: Resting SBP and DBP (primary outcome); diabetes status, arterial stiffness assessed as carotid-femoral pulse-wave velocity (PWV), body composition and fitness (secondary outcomes). RESULTS: Overall baseline BP was 126.8±13.5 / 71.7 ± 9.0 mmHg, with no group differences. At 6 months, BP was unchanged from baseline in either group, BP 125.8±13.2 / 70.7±8.8 mmHg in controls; and 126.0 ± 14.2 / 70.3 ± 9.0 mmHg in exercisers, despite attaining a training effects as evidenced by increased aerobic and strength fitness and lean mass and reduced fat mass (all p<0.05), Overall baseline PWV was 959.9±333.1 cm/s, with no group difference. At 6-months, PWV did not change and was not different between group; exercisers, 923.7±319.8 cm/s, 905.5± 344.7, controls. LIMITATIONS: A completion rate of 81 %. CONCLUSIONS: Though exercisers improve fitness and body composition, there were no reductions in BP. The lack of change in arterial stiffness suggests a resistance to exercise-induced BP reduction in persons with T2DM.
INTRODUCTION
The Framingham Heart Study 1,2 and the Multiple Risk Factor Intervention Trial 3 suggest that at any level of BP the risk for a cardiac event is increased in both sexes with impaired glucose tolerance compared with those with normal glucose tolerance. The risk for cardiovascular (CV) events increased linearly in the "normotensive" BP range and extended into the range of BP usually considered "hypertensive." These data suggest that intensive BP lowering in patients with type 2 diabetes (T2DM) would reduce cardiovascular disease (CVD) risk. Pharmacological trials 4 in persons with T2DM report a reduction of stroke incidence with more intensive therapy using multiple drugs when SBP was reduced to ≤ 120 mmHg, but at the expense of increased serious adverse events. Moreover, there are no added benefits for pharmacological therapies on other CV outcomes, compared to less intensive therapy. These findings underscore a need for treatments that lower BP while avoiding the side effects often associated with antihypertensive drug therapy.
Exercise has been shown to lower BP in persons without T2DM, with few if any side-effects. 5 Yet, studies on exercise for BP reduction in T2DM have yielded inconsistent results. A 2010 joint position statement from the American College of Sports Medicine (ACSM)/American Diabetes Association (ADA) concluded that "exercise may slightly reduce SBP and reductions in DBP are less common in T2DM". 6 The report further noted that the efficacy of exercise for reducing BP in those with T2DM has not been adequately addressed and rated the evidence for these effects at Level C, due to a lack of randomized controlled trials or meta-analyses. The SHAPE 2 (Sugar, Hypertension and Physical Exercise) study was a 6-month randomized, controlled trial in persons with T2DM designed to determine the efficacy of supervised exercise on BP, the primary outcome. Secondary outcomes included arterial stiffness, glycemic control, body composition and aerobic and strength fitness.
METHODS

Setting and Participants
Participants, aged 40 to 65 years, with T2DM and with untreated suboptimal BP or treated hypertension were recruited primarily through newspaper advertising throughout the greater Baltimore area. Potentially eligible respondents were invited to the Johns Hopkins Bayview Clinical Research Unit (CRU) for screening. Written informed consent was obtained from all participants. The study was approved by the institutional review board at the Johns Hopkins School of Medicine and was conducted between July 2004 and December 2010.
Exclusion criteria included fasting blood glucose >400 mg/dl, HbA1c >11 %, 7 a history of myocardial infarction, prior coronary artery bypass grafting or coronary angioplasty, chronic heart failure, self-reported substance abuse, co-morbid conditions that would limit the ability to exercise, high degree heart block, smoking, diabetes requiring insulin, and regular participation in moderate to vigorous exercise for >90 minutes per week. 8 Type 2 diabetes was verified with a personal care provider and met the 2003 ADA criteria of fasting glucose >126 mg/dl, symptoms of hyperglycemia with casual plasma glucose >200 mg/dl, or two-hour plasma glucose >200 mg/dl after a 75 gram oral glucose load. Participants taking oral hypoglycemic medication were eligible, as long as their fasting blood glucose was <400 mg/dl.
Participants not using antihypertensive medications were required to have SBP between 120 and 159 mmHg or DBP between 85 to 99 mmHg at rest. 9 Participants being treated with at least one anti-hypertensive medication were eligible, regardless of how low their BP. BP measurements occurred during a two to three week screening phase, at least a week apart. Participants were eligible for the study if the BP was in the described ranges during the first two visits. If the BP on either of these visits fell outside the range, another visit was allowed. The average BP during all of these visits represented the screening BP. 10 After determining BP eligibility, a maximal graded exercise test 10 
Randomization and Interventions
Ultimately, 140 participants were randomized to the study groups after baseline testing with equal allocations into each group (Fig. 1 ).
Exercise Intervention
Following ACSM guidelines, 11 exercisers were scheduled to attend three sessions/week which included resistance and aerobic components. The prescribed number of sessions was 78 (3 days per week for 26 weeks). Resistance training consisted of 2 sets of seven exercises at 10 to 15 repetitions per exercise at 50 % of 1-repetition maximum on a multistation machine (Hoist 6000; Hoist Fitness, San Diego, CA). When the participant could complete 15 repetitions of an exercise with little difficulty, the weight was increased. Aerobic exercise lasted 45 minutes. Participants were allowed to use a treadmill, stationary cycle, or stairstepper. Heart rate monitors (Polar Inc., Lake Success, NY) were worn, and programmed for a target range of 60 % to 90 % of maximum HR. As fitness improved, the workload was increased to maintain target heart rate levels.
Control Group. Diet, Physical Activity and BP Monitoring. All participants were given "Exercise: A Guide from the National Institute on Aging" (NIH, Bethesda MD). Controls were not offered the supervised exercise. All participants were given dietary guidelines from the American Heart Association before randomization and asked to maintain their usual diet throughout the trial. Dietary data were obtained from 3-day food records and were analyzed using Nutritionist V (First DataBank, San Bruno, CA). No additional dietary advice was provided to any participant. Participants in both groups reported to the CRU monthly for BP monitoring. No further contact with controls occurred during the intervention phase.
Primary Outcome
Blood pressures were measured by CRU nurses in the right upper arm using an appropriate sized cuff during screening, at the time of randomization, once during each month of the intervention phase, and during final testing using an automated Dinamap MPS Select device (Johnson & Johnson, New Brunswick, NJ). The BP device was calibrated every six months. Where possible, the same nurse obtained the BP in each participant. After 5 minutes of sitting at rest, BP was measured three times, with 1 minute between readings. If the BP's differed by more than 5 mmHg, additional readings were obtained. The mean of three consecutive readings within 5 mmHg of each other was used as the value for that visit. Baseline BP was the mean of the screening visits plus a BP measurement obtained during baseline testing. Follow-up BP was the mean of the BP taken during the final month of the intervention phase and the BP taken during the follow-up testing visit.
Secondary Outcomes
Aortic stiffness was measured by carotid-femoral pulsewave velocity using methods described elsewhere. 12 Peak oxygen uptake was determined on a treadmill using a Carefusion Vmax 229 Metabolic cart (San Diego, CA). The initial walking speed was 4.8 km/h at a grade of 0 %, and the grade increased by 2.5 % every 3 minutes. Participants were encouraged to reach 18 or higher on the Borg Rating of Perceived Exertion Scale, and they stopped at volitional fatigue. 10 Muscle strength was assessed by 1-repetition maximum on each of four upper body and three lower body exercises on the Hoist multistation machine. Total strength was the sum of the weights of these seven exercises using methods described previously. 10 Total fat mass, lean mass, and percentage body fat were assessed by dual energy x-ray absorptiometry (GE Lunar Prodigy, Software Version 13 GE Medical Systems, Milwaukee, WI). Abdominal total, visceral, and subcutaneous fat were measured from images obtained using a magnetic resonance imaging system (Siemens Vision 1.5 T; Siemens Medical systems, Iselin, NJ) following methods described elsewhere. 10 
Statistical Analysis
Whether exercise reduces BP was tested with a two-group design with repeated measures. Based on our previous study of exercise and BP, 10 the standard deviation (SD) in each group at baseline was estimated to be 8 mmHg for SBP and 6 mmHg for DBP. It was determined that 60 participants per group would provide 80 % power to detect clinically important reductions of 4.5 mmHg and 3.5 mmHg in SBP and DBP, respectively, with a twosided test and alpha=0.05. Thus, we randomized 140 participants, allowing for a dropout rate of 15 %. Analyses were performed using STATA version 12 (StataCorp LP, College Station, TX).
Variables were checked for normality and points of influence. Participants characteristics are presented as means (SDs) or as percentages and are compared across groups using independent t-tests or chi-squared tests. Primary outcome analyses used the intention-to-treat principle and included all participants as randomized. Missing outcomes were imputed by chained equations (STATA ice command) using ten imputations for each missing data point. Intervention effects were examined using linear mixed-effects models. Among participants completing baseline and follow-up testing, we calculated Pearson correlation coefficients between changes in BP and changes in diabetes characteristics, fitness and body composition outcomes. The level of statistical significance was set at P< 0.05 (2 tailed).
Role of Funding Source
Funding was obtained from the National Institute of Diabetes and Digestive and Kidney Diseases, which had no role in the study design, conduct, analysis or interpretation of the data, or the decision to submit the manuscript for publication. Figure 1 shows participant flow through the study. Of the 140 randomized participants, 114 completed 6 month testing (81 %) and 22 dropped out (17 exercisers, 5 controls); and 2 from each group were withdrawn due to new onset illness not related to the study (cancer, cardiovascular disease with stent placement). No follow-up data are available for those who dropped out or were withdrawn. Exercisers who completed 6 month testing attended a mean 72 of their prescribed 78 sessions (92 %). There were no significant within-or betweengroup differences for change in dietary total kilocalories, macronutrient content, sodium and potassium.
RESULTS
The mean (SD) age of the participants was 56.4 (6.1) years, 42 % were non-white and 70 % were taking at least one anti-hypertensive medication (Table 1 ). Nineteen Table 2 summarizes selected study outcomes at baseline, 6-months and the absolute change from baseline. No significant reductions in SBP or DBP or pulse wave velocity were observed after 6 months in either group. Separate analyses (not shown) including only participants who completed baseline and follow-up testing yielded similar results to models based on imputation.
At baseline, HbA1c across all participants was 6.7 (1.5) and the mean VO 2max was 22.0 (5.5) ml·kg -1 ·min -1 . HbA1c decreased by 0.2 % in exercisers compared with a 0.3 % increase in controls (p=0.030). Exercisers had greater increases in peak oxygen uptake by 3.0 ml/kg per minute and total strength by 37.6 kg (p<0.001 for both). Exercisers lost 2.2 kg (p=0.002) of body weight whereas no change was observed for controls. Total body fat fell by 1.8 % more in exercisers versus controls (p<0.001), whereas exercisers increased lean mass by 2.6 % versus controls (p=0.004). Total abdominal fat was reduced by 19.8 cm 2 more and abdominal subcutaneous fat by 14.1 cm 2 more in exercisers versus controls, but these changes fell short of statistical significance (p=0.156 and p=0.100, respectively). There was no significant change in abdominal visceral fat. Table 3 shows correlates of change in BP. A decrease in SBP was associated with a decrease in abdominal total fat (r=0.22, p=0.024) and abdominal subcutaneous fat (r=0.19, p=0.048). No correlations of DBP change with other outcomes were significant.
DISCUSSION
The ACSM and ADA position statement on exercise reported that exercise may slightly reduce SBP and reductions in DBP are less common in persons with T2DM. 6 The evidence for this statement was rated category C because of a lack of randomized controlled trials. The key finding in the present randomized controlled trial was no reductions in resting SBP or DBP were achieved among exercisers at 6 months despite a training effect as evidenced by increased fitness, improved glycemic control and improved body composition. Thus, our study provides a higher level of evidence, and corroborates the finding of a recent trial, 14 supporting the conclusion of ACSM/ADA Abbreviations: SE standard error *Test for difference on change from baseline **Test for between-group difference on the change from baseline regarding lack of efficacy of exercise for reducing BP in this population. Several factors might explain the lack of change in BP. First, the metabolic abnormalities associated with diabetes impair vascular function, inhibit vasodilation and augment vasoconstriction, which could contribute to arterial structural remodeling and stiffening, leading to raised systolic BP. 15 We observed no reduction in aortic stiffness suggesting limited plasticity in diabetic vasculature. One study 16 reported no change in SBP or aortic stiffness among men with diabetes, but who were not necessarily hypertensive, after 2 years of exercise training. It is possible that adverse vascular changes in persons with diabetes 17 reflects end organ damage that cannot be reversed with exercise alone. Moreover, while ACE inhibitors and diuretics may improve vessel wall structure, beta blockers may have an opposite effect. 18, 19 Thus, current antihypertensive therapy may differentially affect responses to exercise treatment.
Second, the JNC 7 guidelines 9 recommend that physicians consider drug therapy, with exercise as an adjunct treatment for elevated BP in T2DM. Consistent with this recommendation, 70 % of our sample was being treated with BP lowering medications at the time of randomization. A goal of the study was to determine the effects of exercise training above and beyond usual care as practiced in the community. Therefore, we recruited participants who were either treated or untreated with antihypertensive medications. Although scientifically it would be more desirable to study persons with untreated hypertension, this was not ethically possible. Thus, our results may be more generalizable to the broad population of persons with diabetes. The generally well-controlled BPs at baseline may reflect a "floor effect", thereby limiting the potential beneficial impact of exercise of this intensity and duration. In a separate regression model we found a non-significant trend that participants above the target treatment goal of 130/ 80 mmHg for diabetes 9 at baseline were more likely to experience a reduction in SBP at 6 months, regardless of group assignment or current use of antihypertensive medications. Because of multiple BP checks performed throughout the study, there may have been a regression toward the mean and we were not adequately powered to examine subsets of participants based on race, medication use or whether they were above or below target BP goals.
Third, we observed a modest weight loss of approximately 2.1 % of initial body weight among exercisers. Data from the Action for Health in Diabetes Trial, 20 in which the baseline BP of approximately 129/70 mmHg was similar to our study, showed that a diet and exercise intervention produced weight loss of 8.6 % of initial body weight at one year, and reduced SBP and DBP by 5.33 mmHg and 2.92 mmHg, respectively. These data, in contrast to our study with minimal weight loss, suggests that the most effective lifestyle approach for BP reduction in persons with diabetes is one that combines exercise with a weight reducing diet. Of note, in a pooled analysis that included control subjects, a reduction in abdominal subcutaneous fat and total abdominal fat, but not total body weight, were associated with a reduction in SBP, suggesting that metabolic changes that result in abdominal fat changes may impact on blood pressure before marked changes in body weight occur.
Despite the lack of BP reduction with the exercise, there was a modest (0.2 %) reduction in HbA1c in the exercise group. The importance of this finding is underscored by the fact that our cohort had well-controlled diabetes at baseline (HbA1c 6.7 %), which highlights the role of exercise for contributing to a potential reduction in the risk of microvascular complications associated with diabetes. While a recent meta-analysis 21 showed no apparent benefits of intensive glucose lowering with pharmacological treatment for preventing microvascular events, exercise training may confer a protective effect associated with increased glycemic control, which may not result from pharmacological treatment of hyperglycemia. 22 Exercisers increased aerobic capacity by about 1 metabolic equivalent (MET), a change that is associated with a 15 %-20 % reduction in CVD mortality risk. 23 Despite a modest reduction in weight, exercise training reduced the percentage of total body fat, abdominal and subcutaneous fat and increased lean body mass. Yet there was no significant change in abdominal visceral fat, perhaps due to the presence of diabetes, which is associated with disordered fat mobilization from fat storage sites 24 or the use of diabetes or antihypertensive medications may limit visceral fat loss. Our results for visceral fat are in apparent contrast to other studies, 25, 26 which have demonstrated that exercise alone, without weight loss, reduced abdominal visceral fat in individuals with diabetes.
This study had several strengths. The participants underwent a rigorous BP screening and comprehensive body composition and fitness assessments. The sample included both men and women with treated and untreated hypertension, who were representative of the racial distribution of our community. The exercise protocol was guideline driven, being based on those of the ACSM. 11 Also, while BP can be influenced by dietary behaviors we observed no changes in diet over the course of the trial. There are also some limitations. We observed a higher than expected dropout rate among exercisers of 24 %. Many participants in the present trial were employed and may have been more susceptible to drop out due to timeconstraints. Also, we showed previously 27 that persons with T2DM report lower levels of health related quality of life compared to individuals without diabetes, suggesting that they view themselves as being less capable of meeting the demands of the intervention and are therefore more likely to discontinue the program. Though controls received less attention than exercisers, this limitation is less important given there was no BP change in either group. In summary, although BP did not decrease, this finding should not dampen the enthusiasm for exercise since it resulted in several important health benefits including improved fitness body composition, and glycemic control.
